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SUMMARY 


Tests were performed in the Gottingen (Germany) and 
Guidonia (Italy) supersonic tunnels in order to determine 
the aerodynamic characteristics of projectiles of various 
shapes. The Mach numbers ranged from about l.J to 3»2 
for the Gottingen tests and from l.iilj- to 2.66 for the 
Guidonia tests. The results show that increasing the 
relative length of the nose causes the drag coefficient 
to decrease and the center of pressure to move forward. 
For a given length, the nose having minimum drag has a 
curved profile; the curvature is greatest at the tip and 
decreases to a very small value toward the rear of the 
nose, v/here the shape becomes approximately conical. As 
the Mach number increases, the drag coefficient decreases 
and the center of pressure moves toward the tail. For 
the higher Mach 'numbers the variation of the drag coef- 
ficient and the movement of the center of pressure are 
small. Existing aerodynamic theory gives values of the 
aerodynamic characteristics *close to those determined 
experimentally for small flow deviations. 


INTRODUCTION 


Research on orojectiles was started at approximately 
the s ame time ( 191 - 1 - 2 ) at the Gottingen Laboratory in Germany 
and the Guidonia Laboratory in Italy. The original data 
were brought to the United States in I 9 I 4 I 1 - and were tabu- 
lated and analyzed at the Langley Memorial Aeronautical 
Laboratory of the National Advisory Committee for Aero- 
nautics . 

The aim of the German research was to determine the 
variation of aerodynamic characteristics with Mach number 
for various fundamental geometrical shapes for projectiles. 
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Force tests of small models 0.393 inch in diameter were 
conducted in a supersonic tunnel having a test section 
approximately 2.36 by 2 • 8 I 4 . inches. The shape of the 
models was systematically varied to determine the effects 
on the aerodynamic characteristics of: 

(1) Nose profile shape for a typical fineness ratio 

(2) Nose length for noses with circular-arc profiles 

(3) Small taper of the tail of the projectile 

The program carried out at the Guidonia Laboratory 
had as its aim the development of an optimum shape for a 
1. 8l2-inch-caliber antitank projectile. Because of the 
relatively large size of the test model, it was possible 
to obtain pressure-distribution studies as well as precise 
aerodynamic data for comparison with results derived by 
existing theory. 

The theories presented in references 1 to 6 for 
sharp-nose projectiles at zero angle of attack and the 
theories of references 7 and 8 for bodies of revolution 
at an angle of yaw were used to compute the theoretical 
characteristics of the various conical noses for com- 
parison with the experimental results. The aerodynamic 
theory of minimum-drag projectiles presented in refer- 
ences 3 and 5 to ? was used as a guide in the design of 
the various nose shapes of the projectiles tested. 


SYMBOLS 


The symbols used for defining the aerodynamic coef- 
ficients and the geometric characteristics of the pro- 
jectiles ere given in figure 1 . 

a 0 speed of sound in free stream 

V Q free-stresm velocity 

M 0 free-stre am Mach number (V 0 /a 0 ) 

q Q free-stre am dynamic pressure 

p local static pressure 
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free-stream static pressure 

/p - Pc^. 

pressure coefficient — ~ — i 

diameter of body of projectile 
resultant force on projectile 
drag 
lift 

pitching moment about rear face of projectile 


pitching -moment coefficient about rear face of 


length of projectile 
length of nose of projectile 
radius of nose of projectile 

center-of-pressure position, measured from rear face 
of projectile 

angle of attack of projectile 
fineness ratio of projectile (i/d) 
fineness ratio of nose (ip/^) 

angle between intersection of tangent on nose of 
projectile and generatrix of cylinder 


drag coefficient of model 



/ T, \ 

lift coefficient of model 



projectile 
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EXPERIMENTS AT GOTTINGEN 
Wind-Tunnel and Experimental Methods 


Experiments were carried out by German technicians 
of the Aerodynsmische Versuchssnstalt (AVA) in the small 
supersonic tunnel at the Gottingen Laboratory. The 
layout of the wind tunnel is shown in figure 2 . The 
tunnel has a rectangular* section with a throat about 2. 36 
by 2.84 inches. As indicated in figure 2 , a semiopen 
throat arrangement was used. The side walls of the tunnel 
were straight and parallel, but the jet was not restrained 
by top and bottom walls. It has been found that this 
arrangement makes it possible to obtain reliable aero- 
dynamic data at Mach numbers only slightly greater 
than 1.0 (reference 9)' end that the choking condition 
which would exist if the jet were completely restrained 
does not occur. Some trouble was encountered during the 
tests because of condensation phenomena, in spite of the 
fact that the humidity of the ambient air had been reduced 
to a low value by preliminary drying. 

The tests consisted of the measurement of lift, drag, 
and pitching moment with a semiautomatic balance. Each 
model was tested through an angle-of-attack range from 9° 
to -8° and a Mach number range from 1*5 to 3*2. For the 
longer models, it was not possible to perform the tests 
at the low velocities because the front shock wave 
reflecting from the jet boundaries interfered with the 
flow on the rear face of the projectile. 


Test Models 

The models each had a diameter of 0.393 inch and were 
supported by a sting attached to the rear face. The 
dimensions of the sting and the tare system adopted are 
not known. 

The models can be separated into three distinct 
groups to determine the effect of: 

Nose shape .- Four projectiles having over-all fineness 
ratios n of S.O with nose fineness ratios of 2.5 (models 
1, 2, 3> and 4> fig* 3) were tested to determine the 
effect of the nose shape. Because the models were small, 
they had no tail taper or bourrelet ring. All the noses 
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were of circular profile with the radii r varying 
from 6.5d to oo (conical nose). For the nose with 
6.5d radius (model 1, fig. 3)> the end of the nose was 
tangent to the cylinder at their juncture but, for the 
other models, the profile of the nose terminated with 
its tangent inclined at an angle e with respect to the 
generatrix of the cylinder. 

Length of the nose .- Five models having nose lengths 
varying from C.5d to (models 5» 1> 7> and 8> 

fig. Ip) were tested to determine the effect of the length 
of the nose. The noses of all the models had circular 
profiles tangent to the cylinder forming the body of the 
projectile. 

Tall taper .- Three models derived from model 1 and 
having three different tail tapers (models 9> 10, and 11, 
fig. 5) were tested to determine the effect of tail taper. 


Results 

Wind-tunnel tests .- The results of the experiments 
at the Gottingen Laboratory are given in figures 6 to 21. 
Figures 6 to 11 show the results of tests to determine 
the effect of the nose shape. In figures 6 to 9 the 
variation of the aerodynamic coefficients for models 1, 

2, 3, and Ip is shown for several angles of attack and a 
range of Mach numbers. Figures 10 and 11 show the aero- 
dynamic coefficients of each projectile at equal Mach 
numbers as a function of the ratio d/r. As shown in 
figures 10 and 11, the minimum drag coefficient was 
obtained for a nose intermediate to the noses for which 
r = co and r = 12. 5d„ The differences in the minimum 
drag coefficients were not large. 

The results of the tests to determine the effect of 
the length of the nose are given in figures 12 to 17 * 
Increasing the fineness ratio of the nose n^j caused 

the drag, coefficient to drop noticeably (fig. lo ) . The 
slope dCp/dn^ decreased as njj increased. The center 

of pressure of the projectiles moved toward the nose as 
the fineness ratio of the nose increased (fig. 17 )- 

The results of the tests to evaluate the effect of 
the tail taper are given in figures 18 to 21. The vari- 
ation of the aerodynamic coefficients with Mach number is 
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shown in figures 18 to 20, and. data for comparison of the 
tapered models with model 1 are shown in figure 21. The 
drag of the projectile was lowest for the longest tapered 
tail, especially at the lower Mach numbers (fig. 21). 

The differences in drag coefficients were not large. The 
other aerodynamic characteristics were not appreciably 
altered. 

The drag coefficient for a given projectile shape 
decreased as the Mach number was increased. This effect 
was most pronounced at the lower supersonic velocities^ 
the variation at Mach numbers of the order of J.O was 
slight. The position of the center of pressure did not 
change appreciably with angle of attack. In the lower 
supersonic velocity range the center of pressure moved 
toward the rear of the projectile as the speed was 
increased but tended to approach a fixed location at the 
higher Mach numbers . 

Firing tests .- Actual firing tests were performed 
to verify the experimental values, and the following 
results were obtained: 


Model 

C 

D 

Firing tests 
(a * 5°) 

Tunnel tests 
(a = 3°) 

1 

o.Uo 

0.29 

2 

l 

; .36 

i *?5 

.40 

•27 

.26 

.28 

1 


These results were for a Mach number of 2.2. 

The projectiles used in the firing tests had an 
angle of attack of nearly 3° end a b our re let ring. Drag 
coefficients obtained from firing tests at angles of 
attack near 3° gave drag coefficients that were equiva- 
lent to a wind-tunnel angle of attack of about 7*5°* 

The differences therefore cannot be entirely due to the 
presence of the bourrelet nor to the error in angle of 
attack. The differences may probably be attributed in 
part to the difference of surface finish between the 
tunnel model and the fired projectiles, the rotation of 
the fired projectile about its axis, and the difference 
in Reynolds number for the firing and the tunnel tests. 
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EXPERIMENTS AT C-UIDONIA 
Wind-Tunnel and Experimental Methods 


Projectiles with nine different nose shapes were 
tested in the closed-throat high-speed tunnel at Guidonia 
(reference 10) at Mach numbers ranging from 1 . 14 J 4 . to 2.66. 
The system of the partially open stream was not used 
because it required a larger amount of power and there- 
fore limited the maximum velocity. The test section was 
large enough not to require special attention to prevent 
choking of the air 3tresm with the model in the tunnel 
when the Mach number was greater than l.ilU. The nozzles 
were of rectangular section of the two-dimensional type 
with a minimum section 15 * 7 ^ 4 - by 15 * 7 ^ 4 - inches. 

The forces on each model were determined by use of 
a three-component balance (reference 10). The model was 
attached to the balances by a sting on the projectile 
axis on the rear face of the projectile. The sting, 
although of small diameter, affected the experimental 
results somewhat since it increased the pressure on the 
rear face of the projectile. It was necessary, therefore, 
to make an accurate tare measurement by suspending the 
model on a faired strut attached to the side of the 
projectile. 

Pressure distributions and optical observations of 
the flow were also obtained for some of the projectiles 
tested. It was difficult to obtain good flow photographs 
because the phenomena were conical and the density of the 
air was extremely low. Some of the observations were 
made with a schlieren apparatus, and in some cases data 
were obtained by means of a shadowgraph apparatus. 

Before the systematic experiments were started, the 
results obtained in the tunnel were compared with those 
obtained by firing tests, A sphere tested at two 
velocities (M 0 = 2.06 and M 0 = 2.62) had a constant drag 

coefficient (Cd = 0.93). These wind-tunnel results on 
the sphere et Guidonia agreed with the firing data 
(Cj) = O. 96 ) and were close to the results obtained at 

Gottingen, for which the drag coefficient in the Mach 
number range between 1.3 and 3.1 was almost constant and 
equal to 1,01. In an earlier wind-tunnel experiment 
(reference 11 ), somewhat lower drag coefficients were 
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found: O .87 for a Mach number of I .85 and 0.86 for a Mach 
number of 2. 13 . These earlier results, however, are 
questionable because the effect of the support strut, 
which increases the pressure at the rear somewhat, was 
neglected. 


Test Projectiles 

A 1. 8l2-inch-csliber antitank projectile was used for 
the body of the projectile in the Guidonia tests, the 
details of which are shown in figure 22. Nine different 
nose shapes (fig. 23 ) were tested with this body in order 
to determine the nose for minimum drag. 

Conical noses of varying fineness ratio (projec- 
tiles 1 , 2, 3 , and I4. of fig. 23 ) were tested first in 
order to estimate the importance of fineness ratio. The 
simple conical nose form was chosen to permit comparison 
with existing theoretical data for conical noses. 

Both the approximate projectile theories (refer- 
ences Ij. and 5 ) end the complex but mere exact theory of 
Ferrari (references 6, part II, and 7) show that, in 
order to minimize the drag of the projectile, it is 
necessary to concentrate the pressure at the vertex of 
the nose and then to carry out the most rapid expansion 
possible. With this criterion as a guide, five noses of 
fineness ratio n K = 2.0 were designed (projectiles 5> 

6 , 7 , 3, and 9 of fig. 23 ). (See table I.) Two of the 
noses tested, projectiles 8 and 9 * were blunt-ended but 
were otherwise similar to the nose of pi’ojectile 3* The 
nose of projectile 5 approaches that theoretically derived 
by Ferrari (reference 6 ). A nose exactly corresponding 
with the optimum nose described by the theory of Ferrari 
was about to be tested when the tests were suspended. 


Results 

The results of the experiments at Guidonia are shown 
in figures 2 I 4 . to 35* The variation of Cp and f/d 

with fineness ratio of the nose at a Mach number of 2.06 
and an angle of attack of 0° is shown in figure 2iq; the 
variation of Cp and f/d with Mach number for the ncse 
having a fineness ratio of 2. 0 (pro jectile 3 ) at an angle 
of attack cf 0° is shown in figure 25 . The drag coefficient 
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for a given projectile shape decreased as the Mech nunter 
incress ed. The position of the center of pressure did 
not change appreciably with angle of attack. The values 
obtained from firing tests for two noses having fineness 
ratios of 2.0 and 2.5 at a Mach number of 2.1 Ip are also 
shown in figure 2ij.. The angle of attack in the firing 
tests varied between 2° and 5°. 

The drag values given by the firing tests are some- 
what higher than those determined in the wind tunnel. The 
difference can probably be attributed to the fact that the 
models in the tunnel were perfectly finished but the fired 
projectiles had a rough machine finish. The fired pro- 
jectile also had a rotational motion that was not repro- 
duced in the tunnel tests end that undoubtedly altered 
the phenomenon of the boundary layer. 

The variation of the aerodynamic coefficients with 
angle of attack for projectiles 1 and 5 is shown in fig- 
ure 26 for M 0 = 2.06. The values obtained from inte- 
gration of the pressure distributions are also shown. 

The pressure distributions over projectiles 1 and 5 were 
determined at angles of attack of 0^, Lp° , and 8°. ’when 
the projectile v/as yawed, the pressure was determined at 
seven stations around the projectile from C° to l80°. 

The pressure distributions for projectiles 1 and 3 are 
shown in figures 27 and 28. In figure 29 flow photo- 
graphs for zero angle of attack are shown for theso 
projectiles . 

The following tables show calculated values of the 
initial shock-wave angle and the pressure coefficient on 
the nose for projectiles 1 and 3 at a Mach number of 2.06. 
These quantities were calculated by the method of refer- 
ences 7 and 8. Experimental values of these quantities 
are shown for comparison. 


1 

Nose 

Angle 

» 

of shock wave 
(deg) 

Theoretical 

- | ’ 1 

Experimental 

P 

II 

°o 

1 

1 

4-,. 5 

1*6.0 

3 

O 

• 

K~\ 

i 55.2 j 

i J 
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P - 



Pressure coefficient, — 

Nose 

Station 

(deg) 


^0 

i 

Theoretical 

Experimental 



! 

P 

O 

O 

i 

1 


0.5 ? 

0.60 

3 


.18 ' 

.19 

<r = k° 

1 

0 

O.67 

0.71 

1 

180 

.ko 

•53 

3 

0 

.2? 

.28 

3 

180 

.11 

.14 

O 

CO 

II 

1 

0 

0.85 

0. 81p 

1 

180 

.29 

! 

7 

7 

s 

1 

0 

180 

: 1 

•57 

.06 

l ' 

1 ' i6 o 

.08 


The following observations can be made from these 
test results: 


(1) When the flow deviations are small, the nose 
phenomena are close to those predicted by the theory. 


(2) At the higher angles of yaw appreciable 
differences exist between the theoretical and experimental 
pressure coefficients, particularly if the nose is short. 

(3) Pressure on the rear face of the projectile is 
only slightly affected by the nose shape but is appreciably 
decreased with an increase of angle of attack. 

Figure 30 shows the variation of the aerodynamic 
coefficients with angle of attack for projectile 8, and 
figure 31 gives the pressure distributions for this 
projectile at a Mach number of 2.00. The following 
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table compares the drag coefficients for a = 0° and 
the center-of -pressure positions for the various projec- 
tiles for M 0 = 2.06: 


Projectile 

CD 

i f/d 

3 

O.368 

1.98 

5 

.352 

2.03 

6 

.392 

— 

7 

.376 

— 

8 

. 3^2 

2.19 

9 

j 

.358 

2.09 


It will be observed that projectiles 5 > 8, and 9 had 
the lowest drag. These three shapes are closer to the 
optimum profile predicted theoretically than an;/ of the 
other noses tested. The pressure-distribution diagrams 
(fig, 31 ) and the flow photographs (figs. 34 and 35) show 
that, when the front part of the projectile is flat as 
for projectiles 8 and Q, a normal shock wave occurs and 
the pressure at the nose approaches the stream total 
pressure in value. The shock wave is detached from the 
projectile. Immediately behind the blunt face of the 
nose a rapid expansion occurs, and the pressures a short 
distance from the nose become lower than for the conical 
nose. These lower pressures act over a relatively large 
part of the frontal area of the projectile; consequently, 
a lower drag coefficient is obtained for the blunt nose 
than for the conical nose. The pressure on the rear face 
of the projectile is about the same for both types of 
nose. The lift at the same angle of attack for the blunt 
noses is slightly greater than for the conical noses, and 
the center of pressure is therefore farther forward. 

These differences are very small, however. It may be 
mentioned that the blunt type of nose is more practical 
than the sharp-pointed nose from the standpoints of con- 
struction and maintenance. 


CONCLUSIONS 


Tests wsre performed in the Gottingen (Germany) and 
Guidonia (Italy) supersonic tunnels in order to determine 
the aerodynamic characteristics of projectiles of various 


CONFIDENTIAL 


12 


CONFIDENTIAL 


NAC A ACR No. L5308 


shapes. The following conclusions are based on the results 
of both the German and the Italian experiments: 

1. The fineness ratio of the nose is of primary impor 
tance in determining the aerodynamic cnaracteris tics of 
supersonic project: les. As the fineness ratio increases, 
the drag coefficient decreases and the center of pressure 
moves forward, 

2. The drag coefficient for a given projectile shape 
decreases as the Mach number is Increased. This effect 

is most pronounced at the lower supersonic velocities; 
the variation at Mach- numbers of the order of $.0 is slight 

3. The position of the center of pressure does not 
change appreciably with angle of attack. In the lower 
supersonic velocity range the center of pressure moves 
toward the rear of the projectile as the speed is increased 
but tends to approach a fixed location at the higher Mach 
numbers . 

Ip. The pressure on the rear face of the projectile 
varies appreciably with angle of attack but is only 
slightly affected by the form of the nose. 

5. For a given fineness ratio the optimum nose 
profile has a relatively blunt end, which is faired to 
the cylindrical part of the projectile. The theoretical 
criterions for the design of the optimum nose profile 
have been verified. 

6. The existing aerodynamic theory for the calcu- 
lation of the pressure distribution about projectiles is 
adequately precise for small flow deviations. 

7» The addition of a small taper to the tail of the 
projectile diminishes the drag slightly, particularly at 
the lower Mach numbers, without altering the other aero- 
dynamic characteristics. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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NOSE ORDINATES FOR PROJECTILES TESTED AT GUIDONIA 
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Figure 1.- Definition of symbols. 
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Figure 2.- The Gottingen supersonic tunnel. 
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Figure 3.- Models tested at Gottingen to determine the nose 
of minimum drag. d = 0.393 inch. 
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gure 4.- Models tested at Gottingen to determine the effect 
of nose length. d = 0.393 inch. 
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Figure 5.- Models tested at Gottingen to determine the effect 

of tail taper. d = 0.393 inch. 
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Figure 6.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 1. (Gottingen). 
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Figure 7.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 2. (Gottingen). 
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Figure 8.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 3. (Gottingen) 
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of center of pressure as functions of Mach number for 
various angles of attack. Model 4. (Gottingen) 
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of center of pressure as functions of Mach number for 
various angles of attack. Model 4. (Gottingen) 
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of center of pressure as functions of the ratio of the 
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Figure 10.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of the ratio of the 
diameter of the body of the projectile to the radius of 
the nose of the projectile for various angles of attack. 
M 0 = 2.0. (Gottingen) 
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Figure 11.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of the ratio of the 
diameter of the body of the projectile to the radius of 
the nose of the projectile for various angles of attack. 
M Q = 3.0. (Gottingen) 
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Figure 12.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 5. (Gottingen) 
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Figure 12.- Concluded. 


Fig. 13 


NACA ACR No. L5H08 



"kN 

,<b 


I 

8 


I 


.© 

■ <o 

4 

4 


O 





"k\ 

,<D 





Si 


.6 

4 

4 



\ 


M o 



\ l i i l L— L— L— — 1— _ J 

/ O /<4 /e Z3 ^6 3.0 3. 4 


notsn&er; / 4 0 


Figure 13.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model. 6. (Gottingen) 
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Figure 14. - Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 7. (Gottingen) 
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Figure 15-.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 8. (Gottingen) 
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Figure 16.- Drag coefficient as a function of nose fineness 
ratio for constant Mach number. (Gottingen) 
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Figure 17.- Relative center of pressure as a function of nose 
fineness ratio for constant Mach number. (Gottingen) 
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Figure 18.- Lift, drag, and moment coefficients and posi 
of center of pressure as functions of Mach number for 
various angles of attack. Model 9. (Gottingen) 


tion 


Fig. 18 Cone. 


NACA ACR No. L5H08 


V 

. Q) 
\ 

U 

8 

'k 

1 



& 

<b ^ 

<of 

\ ^ 


3.6 


32 


£.8 


£.4 



OC 1 











(c/ey) 










O : 

to 5 

E 

K 


























3 ") 

— 



EJ — 

□ 









El 





















cc 

}NFIC 

)ENTI 

AL 

NAT 

C0HHI1 

IONAL 
TEE FOI 

ADVIS( 
R AERON 

DRY 

AUTICS 


AO 23 . 2- £-■ ^ 

Alcfcf? /icssr? her, A7 0 
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Figure 19.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 10. (Gottingen) 
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Figure 20.- Lift, drag, and moment coefficients and position 
of center of pressure as functions of Mach number for 
various angles of attack. Model 11. (Gottingen) 
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Figure 21.- Drag coefficient and relative center of Pressure 
as functions of Mach number. Models 1, 9, 10, and 11. 

( Gottingen ) 
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Figure 22.- The body of the projectiles tested at Guidonia. 
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Figure 23.- The noses of the projectiles tested at Guidonia. 
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Figure 24.- Variation of drag coefficient and relative center 
of pressure with fineness ratio of nose. a = 0°. (Guidonia) 
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Figure 25.- Variation of drag coefficient and relative 
center of pressure with Mach number for projectile 3. 
( Guidoni a ) 


NACA ACR No. L5H08 


Fig. 26a 



Figure 26.- Variation of the aerodynamic coefficients with 
angle of attack for projectiles 1 and 3. M Q = 2.06. 

( Gui donia ) 
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Fig. 26b NACA ACR No. L5H08 
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Figure 26.- Concluded. 
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Fig. 27a-c 




Figure 27.- Pressure distributions on projectile 1. All 
points on rear face of projectile are approximately the 
same. M Q = 2.06. (Guidonia) 


Fig. 28a -c 


NACA ACR No. L5H08 
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Figure 28.- Pressure distributions on projectile 3. All 
points on rear face of projectile are approximately the 
same. M Q * 2.06. (Guidonia) 
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Pig. 29a-c 
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(a) Projectile 1. 



( b ) Pro j ectile 1 . 



( c ) Projectile 3. 

Figure 29.- Optical data taken by schlieren apparatus for 
projectiles 1 and 3. a * 0°: M^, * 2.06. (Gtiidonia) 
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Fig. 30 
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Figure 30.- Variation of the aerodynamic 
angle of attack for projectile 8. M Q 


coefficients with 
« 2.06. (Guidonia) 


Fig. 31a-c 
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(b) Taken by schlieren apparatus. 

Figure 32.- Optical data for projectile 5. a = 0°; 
M 0 = 2.06. (Guidonia) 
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Fig. 33a, b 



(b) Taken by schlieren apparatus. 


Figure 33.- Optical data for projectile 6. 
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Fig. 34a, b 
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(a) Taken by shadowgraph apparatus. 



Fi gure 


(b) Taken by schlieren apparatus. 

34.- Optical data for projectile 8. 
M Q = 2.05. (Guidonia) 
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Fig. 35a. b 
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(a) Taken by shadowgraph apparatus. 



(b) Taken by schiieren apparatus. 

Pigure 35.- Optical data for projectile 9. 

M 0 = 2.06. (Guidonia) 
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